HEMEH PR [+I1H IRRBRVBRE
NEREHFREKXEBPAEHERRRE
21st Century University Planned Textbooks of Information and Communication Engineering

LI Es
IPEZ

BHXE HE
Sims) LY IRER mHE

1))
R=
o
@)
@
o)
a
o+
e
S O
© =
MT
S
s




R

I
i
;»,

Information

i

T SN NN N
s

Theory and Coding

Gieti i

MO
v R R NN

MR R

¥ Bk % 1_‘
' = —
w1 — -
iF I——-

2
e é‘
1 Eﬂ
i rﬁ I
&

AR R B

FuneourSury UONEDIUNWITIO)) PUE UONRULIOJU] JO $Y00qIXI], pauue| ANsIdAmf /4

—
v !

Ia)
i

B

PN

%
(=

B F I+ ) ek D

=]

L



EHERME (C1P) ¥R

ERER S5 / S Em. — b © AR
AR AL, 2015. 2

1AL R A5 B B 5 1 AR AR AR A

ISBN 978-7-115-38126-2

[. OfF 0. Ok II. OERL—EE¥K—%
MOfEIRHFIE — HEER— A V. OTNI11. 2

b [E iR A B P ARCIPEEAZ 7 (2015) 850119955

maERE

7 BEIL 5 % A B R O A BLAUE B MAE BAC B M B IS 2L ht, XTI 5 R SR A 9 45 1
BARKBRE] T EREKMEN . A5 UFRE R AR, S8 AHIHL 8 Fh s RENAE LHL.
MIDH G KR BB EABE: WA TENAFRERROEAMSHER, OfERRNE
X ERR. FERRERENGEERE, JRMIEAME S #7354 2 AR S 48 (5 SRR M 3 A i
A B DA AR AR I M E AR = KD B DAY, AR RSB RGPS B AR
MR ATSEEAN P =T REHR AR A R AL A T B REASERID . PR KA P4 G A
15 1B G 5 (0 R A B 5 7 ik

AHNEROREEE L, SN T, LUERESRRAERRIBINECERS, RiAE S
WE A ITEAE IR ERETE, RAEEE QAR SERRN A, DR TRIZEARE 2 4 2 5]
23K,

AR AE W A A TR R LR B E B SRS,

. % Bk
Bl OE 4 YEd FRAE RERT
L Tk FR
PATREE B
TUEENE] T ® ZER
¢ ANRERH MR RRAT  dEswEE KA 15
fiigs 100164 T 315@ptpress.com.cn
M4k http://www.ptpress.com.cn

JER I B b BRI A BR 23 =] B
& JEA: 787x1092 1/16

ol

Efgk: 13.5 201542 A% 1K
FH: 322 TF 2015 422 A4EEE 1 IREDRY
EAfr: 37.00 I

EERE ML (010)81055256 ENEREHZ: (010) 81055316
BB L%: (010) 81055315



HMEEFBEZFEFER (C. E. Shannon) 7F 1948 FE KR T — RN GEAS B FE
B WEMERBEE, —INWREFEAR. BaEH. FS43, HEIER. NEH
RERZFRP R —FERHEBFERAT . FE8HEEMF L MEGHEL S ARM
Siamhgst, RBMAERFSHEEGHEEARWEBER, MIRABEN R ¥BEF
THIA., &5, EHEEEHSRY. ARBIEERMOIELRBEHEAMNTSNRE, EH
R EE M AR BEAHIS K E BT 21 2 E BRCEFEIEFEERE,

ABANRGEMIEH AN T 2 M0E BN EARMES, EAMRMEAS L, mMHMN
WEEERGEEA B &, BSEUAMREREREN =THEHEIR, RECR TH
PR SZ PR a) B A BIS BERl—— F R = RS M AR, FEMEH., &80 8K
8 E, H-WMoM 4 EFEFSRFRERSFEREMN. FERFRERHMFEERSR =HA
MEHLANE., ZHTSENETRENT: F1ENRBTHFEENELRME S5, DL
REBWHERMES; B2 ENRATEBER. BHUTFE IR E S5 U5 R A
RIRFMEULGEER, TEAFEGEMMEFEENME. R KRR EH; H3 &
TRTHEFFEFROE N, BHFEEMELFENERITRE, HAhaR LA R5k i B
FEARITE, EANEREERRAXMTIEAMNA; 56 4 E NS CHE B HUE FA
EEFEREERRKERB R(D) WEAMES ., ERATREIE, B0 4 ERES
— R =EANEAEE, SIATER=ZREBEH, FANF=RKREHMW EBEHNERM
BEBL, URGFERHEAGEERDG., ZHTHFENETRFOT: H5BENHATHEHRFERSE
T BRI = AR R, LA B pRaxX = A [l BT X N B B R m A e B E N A 6 B
BT HRIAEGHERGEHPFRS RO EH, BFEFRREG. AEKEmY, ULREMRT
KREGRBWE — EREREFTE; FTEFTENFLERREGFGHER RGO R EEEN,
PR B IR dmtd e BB ARS8 — i e 3, URHE WHiEEME R RGRE: £ 8 &ENH
THRERGETEENGEERG RS =S, 55558 505 0o N KL L
PR T I Ty

FRIIENBAGFEMEFFEEZ M EZELMRE, FEXERBGEFHF. TR
VARG AR R B A R AR 68 &, VEF JISRUUE R A MIE S X i WA TR, LA
KT REEE XA E L FERIR Y 27 2] R

APERBLEYELET 2013 FERFXRERFE TR ARE, 2Z804EZAL
A, SPEFEERFHBAERG (FEEES5HML) B ER L, NEIANEHTT
WIE. BITHSES, BT RAEEE, BUEKREMEFHESAXMITE, EHEEAMEN
PR, DL FEAHEIE R R SEPRIE A . AR B R HOE TR Ik L BUAR AT G I 11514
B, BISRAEVFED , REOKEFRE. RHECE T R¥E5HIMER %, KU ¥ BT



2 | ERRRSHH

e WK ERBERNTEN, TRERFNFEEMENA LN RS BITHAA S TRFER
Jish. 1EHRRNERS.

FEBRARKEZBEARAR, FOOMEEMBIERE R AT, A4k M3 4w 5.
Iz e 89 2 AR KF FIALEF A BR . 45 o B OR A U = A A I EE SR . RETE A 0 1R L OE
HIiE.

Gi K
2014 % 9 H



L E R

11 5 B BAEGE <vvveeee v ] 3.3 BEMEEBRHERIHE oo pg
1.2 [EBEMIATZE covvremnnnieiiieieen 4 L3.]1 EATEREEMIEEESS
1.3 {5 EIEHHIIE H ISR e 5 et o el s s G
HEoE (FEGEBI e 7 3.3.2 SHEERLEHENEELSE
2.1 BBAEIRSE B voi vos conans inase s
2.1.1 BEAEROGEFHEDL G 3.4 EZFEARHERE - e 66
;}éf,ﬂ cerssssssccsninaes 7 3.4.1 B BHRZEGIZHES S
s viviss soniens sevws wmmees  § 3.4.2 Bt 44T 64T E
2.1.3 WAKGAAREFE LR sddines somise® sadmen sansen swusns sas B0
b : AU LLEL RIS wemins: 13 3.4.3 FRIAE | FREF, PRIy FH
2.1.4 BREWE FAE oo 17 AWGN 428 B woeveererens 70
2.1.5 BAT B cererecernencninieaenn 20 3. gﬁﬁ)ﬂ{*—ﬁfﬁ ceesestsseestisieersceee 73
2
2

w

.29 43:@%%@“ cressecerienaeeaes 58

w w

~

W

(@2

BEHUFYER tessessssacesee 20 3.5.1 BHAENATIE cerecceennees 74
L2.1 BEAIILRGHKFHER 3.5.2 JHEATIE ceeereerennnenennns 76
2.2 BEFIGERGMEZLEE - 30 H4E FEEXRERH- saseeces 80
2.3 LRI RAZR ceveereneeeee 34 4.1 SHLEWRE - B 3
2.4 AZRBICAJE creeereneanncnnans 37 4.1.1 %2 ES&HL5FHEELE - 81
:@éﬁ{%dﬁ cesessessosscssassasscesass 30 4.1.2 4% é’.?—iﬁ—&%&ﬁkx e 84
2.3.1 HYGAZTRAM eeeeeeeeeenee 39 4.2 BBUEEMEBRKERKE - 85
2.3.2 HYATRE R KB F 4.2.1 BEBEERARBGHR - 85

ses sesscsssacsasesenssssscs sun s 4
3
4.

OJNI'\')N

- 2.2 MEEFRKXAZHKIHHE - 88
5> BN P 1 1.3 ESERHREERAERE - 96
H3E FESEERE e 49 3.1 AR ABKHEL
3.1 FENEGE AT e 49 LB S eeeeseeeecsiinnninia 06
3.1.1 AT A4 ceeeerereneneeeees 40 .3.9 4;»4_95;_,3,&%1-]»_%‘_ . 97
3.1.2 AZE A FHA eeeeeeee 50 4. 4 Fﬁ@g%h%ﬁ%ﬁ%ﬁ%
3.1.3 AZHEAFTHZ N cereereeeees 55 X% - . 08
3.2 (SHEAEMMRY BRI 5> T . R LTRCTR T e ¢
(ESETUARE wreveeererensennnnsnnees 57 FEEE BFER=ZKTEHE e 102
3.2.1 AZHEAEFTHRM FEL eoreer 57 5.1 FHRE —ERH evereeeiieiens 103

-



2 | EREIRSRE

5.2

5
5.3

FRE —EH e eieniniieees 106

EEEm FEEBER vvvoeeeeeee 110

6.

1
6
6.
6.2
6
6

[o2]

2

[or NN e P I e I 2 =2 e s I e B o )

6
5
6.
6.

(ETBTLMEIR coovsscoronssonanases 110

L1 BRGEE —FARR ... 110

1.2 ZRAFETHAGBRE - 111
To R BEAG IR GRS MR v veeevevee 113

2.1 ﬁlﬂ;éﬁ%‘iﬁ@............ 113
2.2 AR R R GBBE

- 114

. 2.3 JUAFE A .- ciscasess 174

FRESERGRmMGEH
- 116

.31 RKREHBAEMH- wase 117
L 3.2 AZBRFH|EFIEI M e ee 119
.3.3 HERAFFH \éﬂkgg ......... 119

3.4 BRIEI AR e e e 121
3.5 H KBTI ereeernnnianns 122

4.1 A ARE e ceceessccncannaes 124
4.2 FATEA - ws smaiees 125
43 ABRF-ZARRRFX

- 126

dod RFRGBAEI oeeeeeennns 127

5.1 —HMERZHA eoeeeee 131
5.2 B3HMERBHE ooeeee 136

7.1
7.2
7.3

7.

7.

miﬁhﬁﬁ%ﬁﬁmmmmlw
FRAK ELAR IR G R B eeveeeee 146
A L BE U] T 1149 % 248 s 4 s v
B T T R T TR T LI I
3.1 BHELE G AT e 147
3.2 BRIELE Gy B AT AL e ee s 153

7.4 JLFPE FH A 546 4R B R

160

7.4.1 DR Yoy B AR A e ees 160

7.

4.2 -}ﬁ\,ﬂn],g,@ ceeseccsaees 161

7.
7.

~

4.3 EXRERGBA weeeeerees

R8I [EELRAY cceceeeeerennnn

8.1

8.

[o BN e ]

0 W 00 0 0 00 N

© &~ o0 o

[o0]

8.5

8.
8.
8.5.3 HARAHEHET -
8.

>

{5 18 4 B9 i R A A -
11 E4 £ A8 b H X

1.2 e Ao 4 A & A
1.3 fEEp A K-
L1o4 FRE R A A

BB con v ceenenen euecnennns
201 EABILN A e

LR A ZEL R o vevennnens

.31 BHsamd i Kiss

23,2 KR4 MEA A R 4E K
.3.3 XL
.3.4 KRHSUABGFE .o
A1 PEE GG E S Ae % B X A
esessessscssssssassns s . 197
4.2 BERXMER - 198
L4033 PEEEL GG AR R X A AR
8.4.4 MBAAGRIEIERE -
8.4.5 HEINEL &Y 4 B Fo i AL TF ik
- 201
- 203
- 203
- 203

HHRE
5.1 AL
5.2 B ARG 4L

5.4 B IEFH eeeenees

FJl ceveesenriisiniiiiiiiiiiiianns

+ 165
4.4 ,]x;‘iﬁﬁ%;ﬂ,...............
- 174
« 175
- 175

171

- 175

- 176
+ 179

- 179
- 182
ceoe 182
L2.2 AEEBERLFAPN ...
L2.3 EAPEALE R ceeeeecennennns
2.4 BRERMELHAEF K-

182
184

- 190

+ 190
- 192
- 195

195

+ 197

- 199

204

- 206
- 207
- 210



m = = [

FERE, HRRLEMEEER Y — BRI LA SN “=KER”, —EHE
PHeRGdiad. “BRAYRMHAZELHT R, BAEERNOERERENHR, REE
B FRZREAMER". AMTRERIFGHEIRDE S WFEEMNEZEM, 37418 5 1 atiE
WEHATERS, WEEMINRtBEE 2 SCHBEE RS T ABEA, R AT
R BB Bk & . TEHHEIE AR KRS T, Mo e K3 21 ey, 5
FEAEAGEEERHEXHERRB T CENEE, BRETHEETRILEBE TH AW
HEANTE, GOSN TEIWERMESGFEEABRENES. FERHELREMERLSE
FHEAMEGHAE¥F, HRIENERBFEBER THIR., 0. FFHFHLH
¥, BRBEERMREREBEFEAMNTHARE, ENEEREMEREAREEHE R
BE2IHENERNREEEFEEZNEM, eXdRMNMEFR, 2B, %3
KBB4 THRIENEW., BAFEBRERMA? HRMOWEBHMF M7 anf
ATDAMERS . Bt ATEEMLERERAE B 7 (BRI A BB B B KR BE W R AT IR R PR IR
) I R g 7

1.1 SRR RIS

FRIRRM 4 ERAAMLERIENA? ETER? RINAE, KTHAFFZYR
MY FE S R KRR R M. IR EERE—MER, TUSIRE
HER; RAMKRTENETRELE-MER, BRIVRER; HAHEK, IHFELERE
HRBERAN; EHARAR PG, BE. aXFREQETEINRIUFEL; LM
REEERFZHR, MIRBEGFR. AMIERHEEB ST URAEL, A5 AZEEKL
W, AE—-BRE. —DRM, - MERERET THEE: XF. B, GEAREF L
ABERFR; ERARERFERGED, KENER, FE. XFETAFELNHEEE DL,
Tk S MG 3%, AITLLEES T, HENFREREIFRBRER.
A LG BALARFERE . AATTAT LG o BB R AL ATERE B . 38 AT LU B0 B0 A 7 i 3
HE MBI, REMTE, LmEE, KA BR RES.

ME BRI LUE H, 58 7T LU kB 6 F, a0 W 32 0l B 3R nT LS 22 4=
HEHHMR., FRUAFEMERFE, M- FEFFTCEOER T LUE DA
W, IERRENEAERMAREE., FRERAEZERERBRZIANWHBRAAE
X, Rk RS B RA K R I B O AR BRI R A A . A R AR BT R Y
7 (5 AT LAHR R AT 56 I SR BBUMI B RO R, ELR X T B0 O B 80E B R B
EEEHOA, WZEREL2BREEXL. BEMRE-TAERERFLE, THEHA
Rl E5 8. 15 B R B R BT M AR, 0] 0 3 R 2 76 3R b 4 R AR — MR B & 1R



2

ERERSRDG

BRI, EZFE¥ER, FECEREN LT, M E R C iR #8087 %
e RMER. HEZFERNRBIFRAMMEREGHTFEANERN SR, L
THRECZAA THHEE, FEERIIMRAEGEESERERAIEMEX. RENE
SLTE A [ B B (1] s R X R — S R E R UL RE IR A BUE B E 0t X F1,
I FE = E B RS R R R AR RSGRE T, WRMAWENEAEE HEI T, &
G E M B Z o, B ARSI X AR AT B4, RF R %GR
R AEM TR Z S, REPHBFRNFHOFELRIFAL; RZ, BB HZE, &
G R RE T, Et RS S WU 2 EE R OK, RS AR SR R AT RE R S B AE R R
AR, R B BB R BB &2 — 28, [ RE, R [ B R W B R R RE AR R
EFRBHAAFEREERIFA . A4, FEHA-ERIEMK, ETLUNED
AR, BlxEEERETRFARBARBOIREFFSUREFEN —FE
L. ERENGEEMMBESE RN, FMUGEMME XL, FEREALIER,
FEE ., FERWM T ERG LR, BT EEIFEZFMMANGEERETRE., o
oy Xof {5 B, HE AT A7 0 55 R R BT RS B A AUEE % [ A [ AL

Y, RERAEERMMEMRM RN =KRER, [FESYHRMEERFEARTK X5,
ERT-FELENGFE, RBEANBEAEN, BAAKNES, BRAK), BAER,
R EHE KM E M A A, ARAGEFEYRIEA LA R F BN R & FEE
EWAWAFE. EFETRMNEAR, SYRSEEELMEXE, XEHKB. {58 7GRN
fE— UMY B, ARG BRI ERREEK., FFUGEEASGHAEHRES
FIAs ], ELHE o i E] A0 2 ) B 245 BRIk . AT BB, (5B R AT & Wiz 5
MR ARSI S BxR, EERERE, FEREEIHFERENFEERS
B AL R S R, AR MR IEL A E. BN EEFHENRBER RGP
M1 B, JB T8 E B, BIal LURRBEFMEGES . HFES. BABESFRRER
SENERE. FRUGSMEXGKRENAFE, FSRHEBMEA, BMATLEERFEH
S mAMERIIEX . UGS SHEEMMEAARNX S, EMNBETARKZER. 5
Sh, HESEBUAZEEME, HERARMAREYHIHEMRENFER, B THEEMES
hiE EE .

5 BN —Rh & WA TE . BA I T HERE.

() FHEMEEYE., FREETHAR, WHFETALES, HAREHFYHIZ30AE
k. BMEAFYWEHMEL, BEREXTERFR.

(2) FRESREMARA oM, FEREBETHR, EXCRRYFEA L, 7885068 #K
W 7E 9 AR b A e A R A R, R LA TYRBARZANER .

(3) fEEMRYE, XIEMRME B N4, &k, BB HEA R AT R i i ) B A
MR,

(D FEWTY R STESEN. bTEBEAENS R, EEMBZ. EA SRS
AW = A5 8, (5 AR MEK SRR AR, RN, T 54 A A W08 (= 8
TEMFRAATRIE, WK, UMEEEMETHME. EEME,

(5) fEEEAM T HRME, FkE 8T EAARRNEBRE, Gl i Afeik%
b5 ST L Ao LT T X T B R R A SR [ i R R AT SOk S B



zs1= B »

6) [FREMILEM, FEWMLUEZASE, FlanZmIHE. iR 4 B2t 2 ) 2 f
BRI A, #IRE THEA.

(D G BRAXE . w6 R AH R R, AR 88007 B & 8 08 1 15 87T B 47 7e
5, RERRBFWIHRINGEE, HEANZEEPREGSHAENE BB TR
HH I .

) FRMMERME. FERRE ML AT E, HEGEMNZ D LERE
M, IMMAGRERRRFREWNEZ D,

(9 FRBATLZRES ATy 8. 158 0T LUIE i3 4 5 38 4k ot 47 23 18] A A Ja) b B9 4% &
R, AT LA R RS 'O R .

(10) A/, FETLARMER IR ERN THEYEREM TR WA EE, ¥
AR ERGEEREWE FHE.

XH, MNEEAFITEGFRETHNEEME,. EHEGEHERS, FEREH=ARBKEE
x: 5. HE. FE.

(D HE: BIUEBKAKMHME, EREGENARKTHE, BHAGEN TEMFR, B
AARRMIERX, iEF. XF. BE. B, BR%., XHEAHEEEANTERER N,
HEARYE, FEMHESTUESAEARRKGEE, EFESEE T R R85 8k
., WHRBFEREE.

(2) 55 2HEMRIEX, HEEGSHEAKNE, FEREAFENHEENER
R, BaTLAWE ., B/, MAMYHEE, flE/ AES. BRYHEERE.

(3 FH.: MOSMREREME, MR, =HZAEANBRESIEN LR, DFELR
EHEGESMHEENAE, BEESHEGHNE, SHEMAMML, MIESEGFLEYD
HMREIBZLHHE, HERGREEFEREREZ LWHIE, R—FE, TURAARRKNY
ML kB (5. F. B, AT LLRAARMEB AR AR (HFE. B [
e, A—XBHUESMEETLURARARANENGFERE. WA EREE., HHEEH
MRABAEGFEER %, GERLEGRER MW ETEM R EMZ —. 1924 4, HEWFF
(Harry Nyquist) i@ B TESH RMGE E AWM E R ZE M X R; 1928 4, BFEH
(R. V. Hartley) $##HHMEEEREE; 1936 4, MEF 4 (E. H. Armstrong) #
W R TR LA ST TP RE Sy 3 ; 1939 4, ATEFM (H. Dudley) $2 i {5 B 7 ¥
T EDNIZ G FFERERNH R,

EEPFER. BT LEM., HEIR¥EKEFR (C. E. Shannon) 7E 1941 4FFE 1944
AEXTE AR MBS HEAT T IRARBIS, MRS MBOESE T Xl E REHT TIRAW
Fbr . AR E B RATEHEMB D SIEE, RETEGREAGRONZRERFE, X
FRAH THR%WERTE, BREE THEEMWEE, &4 T#EE RGO R E R
RUTEA M (EE ERRE T S AEE R . LLSGE A R 4 5 7 2ok SRIEE (R RAE R iE
. BARLE 1948 4F 10 AW (M/RRGHIEARE) FRR T M2 M8 30 8 fE5 1 s 3
W7, XIS AL TP R, MILERA T W REFEHEAR,. BaEH. 7
S, HEHEAR. MEBRERZERMARIR, HEEANTXHE S HIRKPTR H 22
ITEZAEA, HEABEMBECLBER MiFL%R, UHRE NS 3 ARG B
HAK, GREEBESKEERNIEMN.

| 3



4

FERERSHRD

1.2 ERBDE

FREETEAFE, HAWMEAMEREY, £ OEMFESEBERKEMN, X T6HA
MxXfERMEITA. ZRKRA -DEBEMKINR, UEFBHRGELR, TEX&MEEH#
i3k,

A TR ) F 5 BB (5 B E X BA — ), HAWERERBELMAETEGEES A
REEMHEZEE. BRFEREERARRAENFENES M AEMSEEFTYRAREE. Z17R
EMITAXAULEAHZENERRN B, H2FEERAREMSLZRP HAE, £FEME
KRBT ERAAMANGEER, GFBUG. 5. FF, IUEALHSFEHHE,

FEIMEETENARERSEIN B TR TR, BEEMRAMEE. AR
AR, BBA WfTHM{E.

FRINVREERBPARBRATUHEGEES HEEFR. BN FEMERGE. BEER
REEARSBRHOE -PRR, EHEFYHREMRENXZT X, HREYEH AR
& ER S MR EREZ KR, B FEERFRNALRIE A ER, £k
RERBANEDZHREZTANOEEE L, ERMURBREYEHEAORES, THE
BHAEYZEHTAHEL. EREEREFRAMNAIBRNE=TEK, BEWEIRER
HREZMHM T, ARHS O MEE B ARME, RN EFEENERME. FE
A FERGR TMEE M E BT RREL, SREHNEENFERSSFRELNER
E A PRI E . IBEEER. BXFEEMERAGRE=E ARG UMLK, W% U
X, HMKFF.

fEER=ABRS, BEFRREEAR, BMBMER, ERARAFYHIARIN AL
BEEMANE, EEFRED, BRGEEEEMRFE LR WO, WIEHHREFEEHF
TENFS ., w7, FEEFEPHOERELN, RS, BRESNIEEHER EHRE
ZHAER, BREFERLETUHE LA AAERMERMAFRE. B, REFYEHERE
A LUK I R B A RSB EF S B BR ST ARG R, 230F 2 0 WA B (5 B R
BERGERE: RIBEFYEHIRENEETAETUKREBEEFESIRRFEE. BEER.
HE s BRI B NS KA, FRERRIEMRNARBEFEPHRRER.

BUEENHEXEL, EAEREAEMAMEREE. L, RELR “HX
M7, “BRYIMT, RE CHERITH, TEERR “ARKT. “EMER”, W OYiE AR W
H, EXEENERREURMG EMK, MEBNFSRERET S RBAMES M,
RPNl P ERE S LR A S R E . R A b R B B e AN R R B B LA
B, WFE = EENEMNER. “ARKEZIFER”, “—FKESRATMIFEI R,
“X AR Y BEATOM AL, Hoh U = i RO . RO R, R
EXEERREK, BTIES I, B UE BRSO R, R TR R 18 X i X
MBS, DARIET . BRI, #RRIE B R AR G E B0 AT LA N
EEMEY., MpFmE— R ER M TR, ARRIRT, FEHURTHE
S, B A AR AN AT

ERFELERBERNGEE. BB, BXFEENERM, AMUEZBREMREZ



B R L RENTHE XL, BB 5K Fh O R R & SO T 15 B8 71 3% i %0 A4 1
iR B AE SUE B —Fe, ERREWA AT BT fA B 8 X E AR, (HiE XA BE
HREZE “RAAEE” WEE, wmiEAGERNEE “HHtaRXAER” @RS,
i, —MAARAIERGE TR DM B IR, SO AT XA B 5 3818 115 X
R . MABUNAHEXNRE, MEENXIRARPRAT SHEREHBHERE, @
UL, AR R P ERS THEAGE. BT ARERAKERIANREN AR, HfA
A 2 WAl —if A5 BB RIAR KE UE B AERGR . BHEE HIE S B E Rk
FlcE, MASKRERXERERED. —PENOER, B2EBZEME, NHEAT
AHBER. TR, X TFEARFRER, AMUEBETEHENGFEXMEXREER, MALELTH
M EWE R E R, XEEEEEE MRS Ehr, HEEmE S,

F B EERVFZRAF M MEN R 7. 4% (E B M AT LUK E B2 & W15 B A
EWFER: BESMEMTLEFEES MAERGEE . TAGEMTRELR; HERMNEHR
BEXMLUKERTAAEGEE ., BBEEMATEREL; %IERMR AT LUEE RS
ATAFEE, RLFER. BUAFE . 2 HEEMERFLRYE,; HEREEFL TN T LUK
FEMHNEHRERSMTHER.

Bz, AAHMARERKELR, FRENEME, HFETREKNMATIESERY
%, ARREABOBAHGE.

1.3 ERIEHARBHSEX

FRBEHARMEFWEIREXHKE T XM, MEEFERE. ERAMER
SRR GE 7 1 R W T8 15 04 ) AR G P W O A7 7E B (R SR o R A 3 R LR L R (R R
KB, ek, i, B RA, BNUEERAMERER AL, FERERIIRONE
tarE. —BEEE BIR B BT BEHESE N LU =R

(D LXFER®, MFRFERR, 2MFRR. MRERIE. BEFELRSE: 22—
UV RS T R TR R B AE R A BNA Y., EEEMAFRNE., FER
i R TR GRS KA e S A A A BRI, TS RO (R R R e A R A S R AL,
DA K o] 32 5 4515 B S R G A e . TSR R M R fF S .

(2) —EE®, TERWIERN RIS, BT aHEUERI RO S
Bz, BAFELI4ESS (Norbert Wiener) MIBFFR R ANKRMBEAE L, F5EES
T S A B AL H A ) B, A AR F AT X S A R K s B 4 WA s =2 18] B 4R BN A%
B, R SBKE B AR, HOE RS, ARSI RIS (5 A BB A G S
i, MM MBI TEROVIR, EaURTER R . ORIk T A (S TR,
M B L O B D AT A VR B O A R B R ROR PR AR BiR . BN TR R(E R e
i R P B R R TR, A e Bl R BR TR R, A ISR .

(3) T7 AR B, A8 A AP SUME B8 B W SORBF ST — U1 ME Bl f5 R B e, AL
GAE B AE BAS R — M5 B g A, 1 R R AT A 5 E SRR, mEsE., LY
FLOOHEY, EEY. MEOMY, BEEE. REN, TAAXRGEERE, 5. &
W, fE . TPAES (S B AL B A — AL AR LA BOARSC B BR T Bem =B, HUR T U B
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Sl

I (R Bt i H w2 2R BUE B AL Ml A m L RMA . DU {5 B 15 4 A0 W] S0 A
AR, AR A ECE B R B ERE W R BB, AR O #R A BRI 9 15 B
RERET BB, EHLRNEL. B2, FENARIRETZFE, W™K
BERDE, BARBAEXM TREANEERMAGRAER . B, BT ™4 2% 0E R M A K.
JBE B AR R AR — E AR FEREEER T, BB ERMEENT
MEWIRE. FrLEEAM AL T RERR TERE™E, £, SR HEE R
FE AT M. RS, ISR KNER., WTEFBRRER ., FRFR., 7
FE., REGFEAWALN TSN, H&8MZERKTMNERETMIT, BEMEER,
BARAEHEERN. (FECHM ARG NABEDFE R4 an ol 76 /X 7] B8 48 B9 (], 3 AR AT BE
DHGREH —EREENEE, REEE - ITEEFSAETRITEZHNGEER. %
BfEmAgh, et MEEmASEEERIATER, il HEREEBfEH R
G AENEE, T ELEELE.

AP T AR LGFERLR, WHERFELELE, FEFRTEGRENB MRS E&DY
B, AEIR . [FEMSHT EMR, FENER, RENRMRESMARLE (BFEFES
i AF R GE 2 I8 i VT AC DL R 5 REERIEAESE) .



m = ERSERS

EEMRAHORAR, Wi, Eeliffd5HER, MEBRMEES 4R, &
MG BB BE LM E IR B A BEALME . ARIERENLYE , (5080 50 B B R AE S50, A
JSF 4 il D S RO R R S R o L o B AR U R A s ) A BB R B Y, R A R
QSRR BRAT T, TR T — D BB RS R QR R BT R, shoxt T B ke
HLFS . FROFEBUT SR IR S B R B AR IR . BF 515 U5 A A2 0 o) 0 3 2 B2 5 1 2 1 UL o
HERGIHHFE, HEMEEFEENER. FRVFYAHEENEER, mE 8N E R
HEF A R R AR, FrUEEMEARE AT IRMAE. AEERITIRTH
FRBARBRGHRE, Bl THGFEER., FHAGEEMEGFREREMERLNX, RE
BT REEMEEAERMBE M ER, 2 THEEROMHXERMITTRE, BENR TELSR
TR 32 2 A ) A I

21 BRERSERE

2.1.17 BEERMOBFHEESHITRE

ARG RIS SRR, L. W™ EJF, FRATLUEAN. ¥, &&
FLAEMTEY . EEERGE T, BRERNERAZERSESAFENES ., XF. A
B, BHEFHEN—UIHY, RAEaRE BT RN, ®aTRIR2ELEN. NMEEi
WAERE, FHERAR™ESAFENHENS ., HEFIIMELFEIR. 5% HH
B, WERARBEENMTH, MHEEXABEAAHENE, RN ENREILER, B
PLFF 5 s RE AL R R fi R R IR A A TH B . (R TR AR 2 R A BEYLA TR E 1, W
4 £ BE b T LA ABE 23R R 41 38 3 b A S 1

fm B pHE R A U — DS REUH B, flinses, 58, ik, B HLAR
G5, Fom X S fE T A TH B BOR A PR B9 5O AT ROIE 95 9, AR X RE A 5 R B 10RO
HHREHNHRE-NHERRS, R R—AMILEM, WA EECARFSEIR, Hih
F18 T JEARF 5 A )b A b R B R

i, BREARFERRESBENSER, EREMRLFRFERNEARRIT, LRt
EhAREXAEMGER, GlMBEER, BT, BEXTF. HEVLAH, BiRfFS. W
PABCF AR SA555 . PR S 8] R ) B (EAR 2 B, Pl B O B R & T XA 202
ELA[FIH), BIABR A E AR, T AT DL S R AL AR B 0 A AR s [ AR R 2 Ja] O A
REFCERR (55T A 7T BB A T B AT B0 A BE SR 3R R R oA R (X
PXO]HARENBERZE, A7

X = e Ke=g, =o X=gz.
X i ! ‘ } (2-1)
P(X) plxr) = p(x;) - plx,)
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Hep, X FoRERE G SHEEE, » RRGETEREOENHEE, p(x) RN
Bz WBRIRER . o RAFIR AT AES B B8 CTLARARA, Wl i EA LR, @&
WRARA), XL AME, FIRGRE P —NEE. p(x) WEHE RS
AR PR SE & 1, B

0<pz) <1, D, plzid=1 (2-2)

i=1

LERGE, HMNHEESRREAE T RZ, WREREESE, XHERH
BLAAR IR 5E . BT LI 325 (8] RE R AE B MU IR A9 Ge 48 1k, TR e A il 4 3 A 8 36 25 ] R
MR,

XETFTEFINEBRHRFENRK/NEAGEBIRE, K5 X RENZMEILER, EHE
fFREE, NG > REMZEINEFFRENE -SRBIGFHEIBOESTE.

Bltn, BB MEF, BHEEE A SRR - E AL R X, 25
WA S A, BEARMBEARGE N1 A, 24, 34, 45, 54, 6 4, BEAZEN (1, 2,
3, 4, 5, 6}, BAOEEARGAWBMRMENR, WAl IKBRTFER—NMEE, WHEHHEER
“EIERR T AT, TR 2 T, e CCHIERR 6 R EANARMEL, TR
BIAHGEZBANE S A, HLREXANNMEETH—1, MAXANMHERELFN, B
AEeFE A A . XANHEEMR T ERHAENBEAFGHES, ARFS 2.G=1, =, 6) ¥
RRXEHRL, BAXMEENFEARSHRAFSEA: {1, 22, 235, T4y 255 26} o H
I, ATRDLH— BRI X SRR X MEHER B MR, X MILER X MEA
FRMEFSEA, X WEEIHTRESHEHANERER, K

P{X=IJ=PLX=IQ=P{X:xﬂ=P{X=1”=P{X=xﬂ=Pﬂ¥=n}=%

Hit ., X AE IR BCA B R R

[p(xxv]:

I AR Y JH —

111 1 1 1 -3
6 6 6 6 6 6

6
DPx) =1 (2-4)
i=1

FRBARGEHEOMEZTHLER-TZE&E, FHRALMEERUTREMNSE A -
{x1, X2y T3y T4s x5, x6} PEM—A, MEBRLEEREP -1, FUXE -1
BT SER.

21.2 BEEREN¥BIEEE

AR E BT fE B ME R, RATE EERRGEHEER B ZDHBULENHE
BB HEA T 20 E BRI, T IR S XA R,

KHILIE, AfIstiEstE B rE e, ek EBRmER . 1928 F, 7
BIEMB s E 2 — BRI BA o MHAMANHEBFSHFEREST THIR, HahRR
FfE B ERARK

I =logn™ =mlogn (2-5)
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Heb,n HENEEFHEHRENEEFASHTBAER, m» AEEFSHWHAESKE.

1948 4F, EEPERBFLRN LRAARXMTH -5, BB THMBERSENS
Y (FEAMEEBEEERBRGEENME), FHFNEROAEHRT T o0, AR, EE
BENELESHAE®RBEME, MAREMRISHIN, BEERAT LUE b6 &R E tm—
iR . FREFHROEMRGEHREHIE P 2 ROARLEMENGFER, HHEHRL, SE
ik HE B —RAHEMBEILENG, FMILEGESNGEEERN EHEAMBNOEK. T
T B M BB Sk iR GFRNEEER.

FATNAG VS — N TH S, o 2 AR 48 15 VR B 488 3. 20 A 78 #F 4% 25 (8] A B AL 4l B — A 7
B, MEMEREAHEN. MAHZE, RIMTLUBI - ITHENEER, KEEXLER
H—E8&NER, AREHBEZHEA. HIEATH, FERMAHEEHMHCEKDY.

REAFAKKE? RAITFE B TTTEX — &, AHBREEEERmOENL. g A
FR—MHE: “FAZEEESRR”, KREREBRER, HFEABIAMAHFFELR, HhX
MHERKEWMEILERN 1, TIUAHEHEARAERR; BREOWRAAEFKR “EAPRT—
feR%”, IREMBE, KRBT RKENHER, BAXNFHEEHMEBIER /N, FUR
EMIER K., EXHELT, FEEMAHEERFND.

M EERITERINMNER, BHERENAIAREESEHRRENBMEBEE L, FHEEHMK
N, RIMNBMEERAEREWEERERBR, AMeEtEsti R, mEH4LENER
Ak, WATFENXFHEEMTREERER, AHEERE/D, N TFREMESFT 1ML
REMN, RAFEAHEE. Hik, BMILEFAHNERFER I1(x) BEFHLERBEE P (2)
HRE, HH I(x) WRUTABEMLEMN.

(1) ICzx:) & P(x:) BB ERE. X P(x1) < P(x2) B, I(x1) > I(x2) , ¥
RSN, BHERENAHEERKR, FSHELEURFEENARFGREERMBK,

(2) WMIBBEHRT, X Px;) =00, I(x;) >0, HWHAARATREENEGF B R4,
HEANEERREEF KN; ¥ P(x) =108, I(x;) =0, UHBAEENFEHARALT4E
ERCEEHSE

) WM FHNESEERMNFTENSENFEERZA, BRI ZEFEERMGE
BEEREFTENSANFEEREZM,

Al LAEEA, R UL E AT A MR R BOE X EXTEOE R, B

I(x.-)=log%xi) (2-6)

He, I(z) BBl REFEENFEER, MERGEE. P(z) WEXEHE [0,
1], H P(x;) =0,

AEE [(z) WEXEANEYE.: YFHF . BERLEN, ERAFEH 2 REN
AoE;:; YFEHF o, REUE, WEAFGH -, FISERRENGEER. EXRE
B, B BEUE, BERLRBERBKGEE, () RRVREEZEERDHE L
EREEMERR, BHEEBRT (o) KANATERE, KET I(x) KAWFEEE.
WA, RTFEA 100 B4R, B, HEBEAKA 100 MWL ; HREMEM
T, ABKEIRET 100 R FRMEET 100 REMWBEE L. X (2-6) WEX
o, WHHMEBRAMURE, REARNERETRORE —HB464., B¥E LK
R 2, efi10, tHRLL2 HE, MWHFAEKHEEBERAFHK N LS (bit, binary unit A
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A5, B BERIEO s WL 10 KR, WFEHE R BB AN (Hart, Hartley
MHE, DEESHMFEAEREBANBEERMEL);: WRUeNE, MFEELE
BRI FR N2 % (nat, nature unit WS,

R B i 2 XA

1
L @-7
logsa

log,z =

kE— LA 15
1 %5 = loge ~1. 443 (%)
1 B ¥ = log210 &3. 332 (4
1 He#5=0.693 (£4%)
1 He#E~0. 301 (M)
TESE (R RGP — AR L 2 HIRM X, BT BERWE, LR “2” BERS,

ME%E%%XﬂUEﬁ,M%Pu0=%.ﬂwuﬂ=lwﬁoﬁﬂ—¢%ﬁ%%ﬁﬁ
B M T B e I AT A O 5 B H AR T ) A £ B B2 1 LA




